Conidia of domesticated yellow-green aspergilli from strains of Aspergillus oryzae (Ahlburg) Cohn and Aspergillus sojae Sakaguchi and Yamada ex Murakami, used in the preparation of koji inoculum, germinate approximately 3 h sooner than conidia produced by related wild species, Aspergillusflavus Link ex Fr. and Aspergillus parasiticus Speare. There was no consistent relationship between average conidium size and estimated 50% germination time. Germination trials were conducted on Czapek agar at 28°C. A hypothesis is offered that, in the propagation of koji inoculum, selection has favored those individuals capable of rapid conidium germination and germ tube extension, attributes that enable them to gain the available substrate during intraspecific competition.
Strains of domesticated yellow-green aspergilli (koji molds) differ both morphologically and biochemically from wild strains isolated from nature, and 1 (4; D. T. Wicklow in Y. Ueno, ed., Toxigenic Fungi, in press) have considered the potential adaptive value of these characteristics in both environments. Koji is a preparation of steam-cooked and mold-fermented cereals. The principal function of the fungi is to serve as a source of enzymes in converting complex seed constituents to simpler compounds (1) . Because a koji mold does not have to contend with problems of dispersal or survival in the natural world, I (4, Wicklow, in press) argued that selection in the koji environment should favor those individuals capable of rapidly gaining the available substrate during intraspecific competition. I further suggested that domesticated strains should germinate more rapidly than their wild relatives because the conidium that germinates first and produces a mycelium ahead of its competitors has a definite competitive advantage in gaining the available sub- NRRL 1911 from koji, Japan; NRRL 4799 from koji, Japan; NRRL 5592 from sake koji, Japan; A. sojae NRRL 1988 from koji used to produce soy sauce, China; NRRL 5594 from koji, Japan; NRRL 5596 from koji, Japan; NRRL 5598 from koji, Japan; and NRRL 6271 from koji used to manufacture soy sauce, Taiwan.
Conidia were harvested from 10-day-old slant cultures of Czapek agar that had been incubated at 25°C. Average conidium sizes were calculated for 100 randomly selected conidia. Conidia of individual strains were suspended in sterile 0.01% Triton X-100, diluted to give a final concentration of 106 spores per ml, and streaked over the surface of Czapek agar in each of three petri plates. The plates were incubated in the light at 28°C. A preliminary germination trial enabled me to establish the intervals over which germination of individual strains took place. With this information I was able to coordinate both the inoculations and microscopic observations of conidia from individual strains and to record germination percentages at several different points within each germination interval. Germinating conidia were defined as having produced a germ tube greater than 5.0 pum in length. The data were then plotted on graph paper, and the 50% germination time (T50) was estimated. A one-way analysis of variance was performed on the groups of germination times, and the least significant difference was computed.
RESULTS AND DISCUSSION
The T50 was estimated for conidia from each of the 20 strains of yellow-green aspergilli selected for this study (Table 1) . Among the five strains of A. flavus that I examined, there was a 4-h difference in the estimated T50 for NRRL 6554 (8.33 h) and NRRL 6412 (12.33 h), with the average for the five strains being 10.23 h. In A. oryzae, which is considered to be a domesticated variety of the species (4), the estimated T50 occurred 3 h earlier (7.20 h), on the average, than for other strains of the species. The same phenomenon was observed when the conidial germination rate of the wild species A. parasiticus was contrasted with that of A. sojae, which is considered to be a domesticated variety of the species (4). The T50 for the domesticated variety (7.52 h) averaged 3.5 h earlier than the average estimated T50 for the species (A. parasiticus = 11.03 h).
APPL. ENVIRON. MICROBIOL. Raper and Fennell (2) indicate that the conidium dimensions of A. flavus, 3.0 (3.5 to 4.5) 6.0 ,um, and A. parasiticus, 3.5 (4.5) 5.5 ,utm, are relatively uniform in comparison to domesticated strains, in which conidia tend to be larger and more variable in size (A. oryzae, 4.5 to 7.0 up to 8 to 10 ,um; A. sojae, 4.0 [5 to 6] 8.0 ,um). One might predict that there would be a shift to a somewhat larger conidium size with the prolonged domestication of a koji mold. Larger conidia contain greater endogenous spore reserves that should serve to increase the colonization capacity and thus the competitive saprophytic ability of the domesticated strains (3). In nature, selection places limits on conidial size as may be critical to dispersal or survival. I could find no consistent relationship between average conidium size and estimated T50. Strains with larger conidia did not always germinate more rapidly than strains producing smaller conidia, and vice versa (Table 1) .
For centuries the domesticated yellow-green koji molds have neither had to rely on natural forms of dispersal nor deal with the problem of survival in the natural world. In the process of preparing koji starter, artificial forms of selection have replaced natural ones. Selection in a koji environment should favor populations of conidia that are capable of rapid germination and germ tube extension, adaptations that enable a fungus to gain a greater portion of the available substrate ahead of its competitors.
